J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



© Publication number: 



0 433 936 A2 



EUROPEAN PATENT APPLICATION 



© Application number: 90124392.3 
@ Date of filing: 17.12.90 



© int. CI. 5 : G01N 1/00, H01J 49/04 



© Priority: 22.12.89 US 455472 




Applicant: THE DOW CHEMICAL COMPANY 






P.O. Box 1967 


© Date of publication of application: 




Midland, Michigan 48641-1 967(US) 


26.06.91 Bulletin 91/26 








© 


Inventor: LaPack, Mark A. 


© Designated Contracting States: 




2637 Waskevich Street 


DE ES FR GB NL 




Midland, Michigan 48640(US) 






Inventor: Tou, James C. 






1910 Wilmington Drive 






Midland, Michigan 48640(US) 




© 


Representative: Sternagel, Hans-Gunther, Dr. 






et ai 






Patentanwalte Dr. Michael Hann Dr. H.-G. 






Sternagel Sander Aue 30 






W-5060 Bergisch Gladbach 2(DE) 



© A valve and membrane device. 



CM 
< 

CO 
CO 

o> 

CO 
00 



Q. 

LLI 



© A combination of a membrane, such as a sili- 
cone rubber membrane, and a valve having a cham- 
ber within it, such as a solenoid valve. The present 
invention is suitable, for example, for use with a 
mass spectrometer. The membrane partitions the 
chamber into a first chamber portion and a second 
chamber portion. The valve has at least three pas- 
sageways into it. The first two passageways lead to 
the first chamber portion. The third passageway 
leads to the second chamber portion. A solenoid 
plunger located within the chamber is used to close 
off the third passageway when desired. When used 
with a mass spectrometer, the third passageway is 
connected to the vacuum inlet of the mass spec- 
trometer and a sample is flowed into and out of the 
first chamber portion via the first two passageways. 
A component of interest in the sample can permeate 
across the membrane into the second chamber por- 
tion and can flow via the third passageway to the 
mass spectrometer. 
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A VALVE AND MEMBRANE DEVICE 



Membrane cells are used in chemical analysis 
to partition a sample contained on one side of a 
membrane from a compartment positioned on the 
other side of the membrane. The sample contains 
a component of interest that permeates through, 
i.e., across, the membrane into the compartment. 
The permeated component of interest in this com- 
partment can then be analyzed. If the sample con- 
tains another component that does not permeate 
through the membrane which otherwise would in- 
terfere with the analysis of the component of inter- 
est, then the use of a membrane cell in the analy- 
sis of the component of interest is beneficial. 

Membrane cells can use sheet type mem- 
branes or tubular type membranes. A cell using a 
sheet type membrane can be made by clamping 
the membrane between two housing portions, each 
portion having a cavity exposed to the membrane. 
The cavities are in a juxtaposed position such that 
they face the membrane. A sample containing a 
component of interest is placed in one of the 
cavities. The component of interest permeates 
through the membrane into the other cavity. The 
contents of the other cavity are then analyzed for 
the permeated component of interest. A cell using 
a tubular type membrane can be made by sealing 
the outer end portions of a tubular membrane to 
the inner end portions of a metal tube leaving an 
annular space between the central portion of the 
inside of the metal tube and the central portion of 
the outside of the tubular membrane. A sample 
containing a component of interest can be placed 
in the annular space. 

The component of interest permeates through 
the membrane into the bore of the membrane. The 
contents of the bore of the membrane are then 
analyzed for the permeated component of interest. 
Conversely, the sample can be placed in the bore 
of the tubular membrane and the contents of the 
annular space can be analyzed. 

One important application of membranes in 
chemical analysis is in the field of mass spectrom- 
etry. The membrane of a membrane cell is used to 
partition a sample from the vacuum inlet of a mass 
spectrometer. A component of interest of the sam- 
ple placed on one side of the membrane perme- 
ates across the membrane, passes into the partial 
vacuum on the other side of the membrane as a 
gas or vapor and is flowed into the mass spectrom- 
eter for analysis. Usually, a valve is placed in the 
vacuum line between the membrane cell and the 
mass spectrometer so that passage of the compo- 
nent of interest into the mass spectrometer can be 
stopped if desired. Frequently, several membrane 
cells are connected to a mass spectrometer 



through such valves so that each can be respec- 
tively analyzed in turn. It would be an advance in 
this art if the valve and the membrane cell could be 
combined into one device to reduce the number of 

5 apparatus components needed. 

The present invention resides in a valve and 
membrane device, comprising: (a) a semipermea- 
ble membrane having a first side and a second 
side; (b) a valve body defining a cavity therein, said 

w cavity being partitioned by the membrane into a 
first cavity portion exposed to said first side of said 
membrane and a second cavity portion exposed to 
said second side of said membrane, said valve 
body having first, second and third passageways 

75 extending thereinto, said first and second passage- 
ways opening into said first cavity portion, said 
third passageway opening into said second cavity 
portion for flow of a fluid through said first passage- 
way into said first cavity portion and then through 

20 said second passageway and for permeation of a 
fluid component across said membrane into said 
second cavity portion for flow out of said valve 
body through said third passageway; and (c) 
means positioned within said cavity for controlling 

25 the flow of said fluid component through said third 
passageway. 

When used in a mass spectrometry system, 
the third passageway is connected to the vacuum 
inlet of the mass spectrometer. A sample is flowed 

30 into the first passageway, into the first cavity por- 
tion, where it comes into contact with the mem- 
brane, and is then passed out the second passage- 
way. When the third passageway is open, a com- 
ponent of the sample that has permeated across 

35 the membrane into the second cavity portion flows 
as a gas or vapor into the vacuum inlet of the mass 
spectrometer. 

Fig. 1 is a cross-sectional side view of a device 
according to the present invention, the device in- 

40 corporating a sheet type membrane; 

Fig. 2 is a cross-sectional top view of the 
device shown in Fig. 1 when taken along section 
line 2-2 of Fig. 1; 

Fig. 3 is a cross-sectional side view of a device 

45 according to the present invention, the device in- 
corporating a tubular membrane; 

Fig. 4 is a cross-sectional top view of the 
device shown in Fig. 3 when taken along section 
line 4-4 of Fig. 3; 

50 Fig. 5 is a cross-sectional enlarged side view of 

one means of sealing a tubular membrane to the 
body of the device; 

Fig. 6 is a cross-sectional enlarged side view of 
another means of sealing a tubular membrane to 
the body of the device. 
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Referring now to Figs 1 and 2, therein is shown 
a valve and membrane device 10 comprising a 
housing 11 and a plug 12. The housing 11 and the 
plug 12 are provided with mating threads as 
shown. The housing 11 and the plug 12 form the 
body of the device 10 and define a cavity 13 
therein. The housing 11 and the plug 12 are prefer- 
ably made from stainless steel but can be made of 
almost any other suitable material such as another 
metal, a ceramic or a polymer. The housing 11 has 
a circular channel 14 machined in a bottom portion. 
However, the geometry of the channel is not critical 
and it could be in a spiral shape, a zigzag shape, a 
rectangular or other shape. The housing 11 has a 
first passageway 15 from the exterior of the hous- 
ing 11 to one end of the channel 14 and a second 
passageway 16 from the exterior of the housing 11 
to the other end of the channel 14. The housing 11 
further has a third passageway 17 extending from 
the exterior of the housing 11 to the chamber 13. A 
washer 17a and a sheet membrane 18 are sand- 
wiched between the plug 12 and the housing 11. A 
series of holes 19 are drilled in the washer 17a 
opposite the channel 14. An O-ring 20 seals the 
washer 17a, the housing 11 and the plug 12. One 
side of the membrane 18 is thus exposed to the 
chamber 13 via the holes 19 in the washer 17a 
while the other side of the membrane 18 is ex- 
posed to the channel 14. The plug 12 presses 
against the washer 17a which in turn is pressed 
against the membrane 18 which in turn is pressed 
against the bottom surface of the chamber 13 
adjacent the channel 14 and thereby forms a con- 
tinuous seal between the membrane 18 and the 
surface of the chamber 13 adjacent the channel 14. 
This is important since only membrane permeation 
communication between the channel 14 and the 
chamber 13 is desirable. A section of tubing 21 is 
joined with the housing 11 to extend the first pas- 
sageway 15 and the tubing 21 is a part of the valve 
body. A section of tubing 22 is also joined with the 
housing 11 to extend the second passageway 16 
and the tubing 22 is a part of the valve body. A 
section of tubing 23 is also joined with the housing 

11 to extend the third passageway 17 and the 
tubing 23 is a part of the valve body. A coil spring 
24 is positioned in a central channel of the plug 12 
to urge a solenoid plunger 25 having a resilient 
seal 26 on an end thereof against the portion of the 
housing 1 1 where the third passageway enters the 
chamber 13 closing the third passageway 17. A 
terminal portion of the plunger 25 and the seal 26 
extend into the chamber 13. The plug 12 has a 
fourth passageway 28 from the exterior of the plug 

12 to the chamber 13. A section of tubing 29 is 
joined with the plug 12 to extend the passageway 
28. A resilient seal 26a is positioned on the top of 
the plunger 25. A solenoid coil 27, when energized, 



pulls the plunger 25 and the seal 26 upward open- 
ing the third passageway 17 and closing the fourth 
passageway 28. Although the device 10 is shown 
as a solenoid valve it should be understood that 

s this is not critical and that most any valve means 
can be used to controllably close or control the 
flow through the fourth and/or third passageways 
including a manually actuated valve, a pneumati- 
cally actuated valve or even a piezoeiectrically 

70 operated valve. 

To use the device 10 in a mass spectrometry 
system, the tubing 29 is connected to a vacuum 
pump and a sample containing a component that 
permeates across the membrane 18 is flowed into 

75 the tubing 21, through the channel 14 and out the 
tubing 22 while the vacuum inlet of the mass 
spectrometer is connected to the tubing 23. When 
the solenoid coil 27 is energized, the component of 
interest that permeates across the membrane 18 

20 into the chamber 13 can flow through the passage- 
way 17 into the mass spectrometer. Connecting a 
vacuum pump to the tubing 29 is preferred in this 
application to prevent a pressure surge into the 
mass spectrometer when the solenoid coil 27 is 

25 energized. Several valves of the present invention 
can be connected to the vacuum inlet of a mass 
spectrometer so that each can be analyzed as 
desired. 

in some applications, the heat generated by 

30 the solenoid coil 27 can be a problem because 
permeation across the membrane 1 8 can vary with 
temperature. A solution to this problem that has 
been found to be effective is to cool the solenoid 
coil 27 with coolant pumped through a tube coil 

35 positioned below the solenoid coil 27. Alternatively, 
a pneumatically actuated valve can be used. 

Referring now to Fig. 3 and 4, therein is shown 
a device 30, similar in many respects to the device 
10 shown in Fig. 1 and 2, incorporating a housing 

40 31 and a plug 32. The housing 31 and the plug 32 
are provided with mating threads as shown. The 
housing 31 and the plug 32 form the body of the 
device 30 and define a cavity 33 therein. The 
housing 31 has a first passageway 35 from the 

45 exterior of the housing 31 to the cavity 33. The 
housing 31 also has a second passageway 36 from 
the exterior of the housing 31 to the chamber 33. 
The housing 31 further has a third passageway 37 
from the exterior of the housing 31 to the chamber 

so 33. An O-ring 40 seals the housing 31 to the plug 
32, A tubular membrane 38 is positioned with one 
end portion in the first passageway 35 and the 
other end portion in the second passageway 36. 
The outer end portions of the membrane 38 need 

55 to be continuously sealed to the inside surfaces of 
the passageways 35 and 36 since only membrane 
permeation communication between the bore of the 
membrane 38 and the chamber 33 is desirable. 
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Two alternatives for such sealing will be discussed 
below with reference to Fig. 5 and 6. The central 
portion of the tubular membrane 38 is secured to 
the bottom surface of chamber 33 with a room 
temperature vulcanizing silicone rubber sealant 39. 5 
A section of tubing 41 is joined with the housing 31 
to extend the first passageway 35 and the tubing 

41 is a part of the valve body, A section of tubing 

42 is also joined with the housing 31 to extend the 
second passageway 36 and the tubing 42 is a part w 
of the valve body. A section of tubing 43 is also 
joined with the housing 31 to extend the third 
passageway 37 and the tubing 43 is a part of the 
valve body. A coil spring 44 is positioned in a 
central channel of the plug 32 to urge a solenoid is 
plunger having a resilient seal 46 on an end thereof 
against the portion of the housing 31 where the 
third passageway enters the chamber 33 closing 

the third passageway 37. The plunger and its seal 
46 are thus positioned within the cavity 33. A 20 
solenoid coil 47, when energized, pulls the plunger 
45 and the seal 46 upward opening the third pas- 
sageway 37. Although the device 30 is shown as a 
solenoid valve it should be understood that this is 
not at all critical and that most any valve can be 25 
used to control flow in the third passageway includ- 
ing a manually actuated valve, a pneumatically 
actuated valve or even a piezoelectrically operated 
valve. 

Referring now to Fig. 6, a room temperature so 
vulcanizing silicone rubber sealant 34 is used to 
seal the tubular membrane 38 in the passageway 
35 and in the tubing 41. In the embodiment of Fig. 
5, the tube 41 is dimensioned to fit inside the 
tubular membrane 38 to form a portion where the 35 
membrane 38 overlaps the end portion of the tube 
41. The portion where the membrane 38 overlaps 
the tube 41 is placed within a ferrule 50. A nut 51 
compresses the ferrule 50 to seal the overlapping 
portion of the tubular membrane 38 to the tubing 40 
41. The embodiment of Fig. 5 allows easier re- 
placement of the membrane 38 in the valve 30. 

It should be understood that the apparatus of 
the present invention can be used in many applica- 
tions in addition to those mentioned above. For 45 
example, it could be used on the inlet of a gas 
chromatography system to introduce a permeated 
component of interest into a gas chromatography 
column or into the injection valve of a gas 
chromatography system. Additionally, it could be 50 
incorporated into a probe inserted directly into the 
vacuum chamber of a mass spectrometer. 

The membrane of the present invention must 
be a selectively permeable membrane and not an 
impermeable membrane such as a sheet metal 55 
diaphragm of the type that has long been used in 
valves such as pressure regulation valves. The 
membrane of the present invention can be non- 



porous or porous as long as it is selectively per- 
meable to the component of interest, i.e., that the 
rate of permeation of the component of interest 
across the membrane be different than the rate of 
permeation across the membrane of another com- 
ponent. 

Sheet and tubular membranes of nonporous 
silicone rubber are preferred examples. Other ex- 
amples of suitable membrane materials include po- 
rous polyethylene membranes (such as Celgard 
brand sheet or tubular membranes from the 
Celanese Corporation of the United States of Amer- 
ica), membranes made from poly- 
tetrafiuoroethylene, polycarbonate, other rubbers 
and ion exchange polymers (such as Nation brand 
ion exchange membranes from DuPont of the Unit- 
ed States of America). Many other examples of 
suitable membranes can be found commercially 
available or described in publications such as 
Membranes in Separations by professors Hwang 
and Kammermeyer published by Krieger in 1984. 

Claims 

1. A valve and membrane device, comprising: 

(a) a semipermeable membrane having a 
first side and a second side; 

(b) a valve body defining a cavity therein, 
said cavity being partitioned by the mem- 
brane into a first cavity portion exposed to 
said first side of said membrane and a 
second cavity portion exposed to said sec- 
ond side of said membrane, said valve body 
having first, second and third passageways 
extending thereinto, said first and second 
passageways opening into said first cavity 
portion, said third passageway opening into 
said second cavity portion for flow of a fluid 
through said first passageway into said first 
cavity portion and then through said second 
passageway and for permeation of a fluid 
component across said membrane into said 
second cavity portion for flow out of said 
valve body through said third passageway; 
and 

(c) means positioned within said cavity for 
controlling the flow of said fluid component 
through said third passageway, 

2. The valve and membrane device of Claim 1 
wherein said means for controlling the flow of 
said fluid component through said third pas- 
sageway includes a solenoid actuated plunger. 

3. The valve and membrane device of Claim 2 
wherein said valve body has a fourth passage- 
way thereinto and a means for controlling flow 
of a fluid therethrough, said fourth passageway 
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opening into said second cavity portion. 

4. The valve and membrane device of Claim 3 
wherein said means for controlling flow of a 
fluid therethrough includes a solenoid actuated 5 
plunger. 

5. The valve and membrane device of Claim 1 
wherein said membrane is a sheet type mem- 
brane. 70 

6. The valve and membrane device of Claim 1 
wherein said membrane is a tubular type 
membrane. 
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